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(57} ABSTRACT

A fuel injection system for an internal combustion engine of
the type utilized to power an outboard motor of a watercraft
i1s disclosed. The engine is oriented with its crankshaft
vertically extending, such that the engine has a top and a
bottom, a first end and a second end, and a side between the
ends. An air delivery passage extends generally from the first
end along said side to an intake passage leading through the
engine to a combustion chamber therein. A fuel injector is
positioned along the side of the engine and arranged to
deliver fuel mto air flowing through the passage. In one
arrangement, the fuel injector 1s connected to an intake
manifold defining at least a part of the air delivery passage
and 1s adapted to deliver fuel opposite the flow of air through
the passage at the point of delivery. In a second embodiment,
the fuel injector is positioned between the air delivery
passage and the side of the engine. In this embodiment, the
fuel injector 1s preferably arranged to deliver fuel perpen-
dicular to the flow of air through the passage.

16 Claims, 7 Drawing Sheets
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1
ENGINE FUEL INJECTION SYSTEM

FIELD OF THE INVENTION

The present invention relates to a fuel injection system for
an internal combustion engine.

BACKGROUND OF THE INVENTION

Watercraft are often powered by outboard motors posi-
tioned at the stern of the craft. These motors have an internal
combustion engine posttioned within a cowling of the motor.
For among other reasons, because the outboard motor is
positioned at the stern of the craft, and because the motor is
tiltable, 1t is desirable to keep the engine’s size and weight
t0 a mimmum.

These engines are oriented within the cowling such that
the crankshaft of the engine is vertically extending. In this
arrangement, a cylinder head 1s positioned at one end of the
engine and a crankcase chamber at the other. The combus-
tion chambers are arranged vertically, and the cylinder head
has a top end and a bottom end.

Fuel 1s supplied to the combustion chambers of many of
these engines with fuel injectors. These engines typically
have the fuel injectors positioned to spray fuel directly into
the combustion chamber or into air flowing past the injector
through a passage leading to the combustion chambers.

In order to arrange the fuel injectors as described above,
the fuel injectors are spaced vertically along the cylinder
head from 1its top to bottom end for projection into the
combustion chambers or corresponding adjacent intake pas-
sage through the cylinder head. A fuel rail extends along the
outside of the cylinder head at that end of the engine for
supplying fuel to the fuel injectors. This arrangement causes
the total engine profile to be increased, forcing the entire
outboard motor to be larger.

On the other hand, if the injectors are tilted or the like, the
risk exists that while the profile of the engine may be
reduced, the injectors may not spray fuel into the air charge
in a manner which promotes optimum mixing for combus-
tion.

A fuel injection system for an engine where the injection
system does not undesirably increase the profile of the
engwne and where the fuel injectors deliver fuel into the air
in a manner which promotes mixing of the same, is desir-
able.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is pro-
vided a fuel injection system for an internal combustion
engine. The engine is preferably of the type utilized to power
an outboard motor of a watercraft. The engine is oriented so
that a crankshaft thereof is vertically extending, such that the
engine has a top, a bottom, first end, a second end and
opposing sides between the first and second ends.

An arr wlet is positioned generally at a first end of the
engine, and an air passage extends from the inlet along a first
side of the engine to an intake passage extending through the
engine 1o a combustion chamber therein. Preferably, the air
passage 1s defined by an elongate runner extending between
the inlet and an intake manifold connected to the side of the
engine.

The fuel injector system includes a fuel injector posi-
tioned along the side of the engine and arranged to deliver

fuel to air passing through the air passage to the combustion
chamber.
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In a first arrangement, the fuel injector is arranged to
deliver fuel in a direction which is opposite the flow of air
at the point of delivery. In this arrangement, the fuel injector
is preferably mounted to the manifold and directs fuel
inwardly towards the passage extending through the runner.

In a second arrangement, the fuel injector is arranged to
deliver fuel in a direction perpendicular to the flow of air at
the delivery point. In this arrangement, the injector is also
preferably mounted to the manifold, and is positioned
between the runner and the side of the engine. Preferably, a
diverter is centered in the passage through the manifold and
the mjector is arranged to spray fuel against the diverter.

In the embodiments of the present invention, the fuel
system, including the fuel injector, is arranged to prevent an
increase in the profile of the engine at its ends. At the same
time, the injector is arranged to deliver fuel to the incoming
air in a manner which promotes mixing of the air and fuel
for combustion.

Further objects, features, and advantages of the present
invention over the prior art will become apparent from the
detailed description of the drawings which follows, when
considered with the attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an outboard motor of the type
powered by an internal combustion engine having the fuel
injection system in accordance with the present invention;

F1G. 2 is a cross-sectional side view of a top portion of the
motor illustrated in FIG. 1, exposing the engine therein,
portions of which are illustrated in cross-section, the engine
having a fuel injection system in accordance with a first
embodiment of the present invention;

FIG. 3 is a cross-sectional top view of the motor and
engine illustrated in FIG. 2;

FIG. 4 is an enlarged cross-sectional view of a air intake

and fuel injector arrangement of the engine illustrated in
FIG. 2,

FIG. 5 is a cross-sectional side view of a top portion of the
motor illustrated in FIG. 1, exposing the engine therein,
portions of which are illustrated in cross-section, the engine
having a fuel injection system in accordance with a second
embodiment of the present invention;

FIG. 6 1s a cross-sectional top view of the motor and
engine illustrated in FIG. §;

FIG. 7 is a an enlarged cross-sectional view of a air intake
and fuel injector arrangement of the engine illustrated in

FIG. §; and

FIG. 8 is a partial cross-sectional view of an intake
manifold of the engine illustrated in FIG. §.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

In accordance with the present invention, there is pro-
vided an outboard motor 20 powered by an engine 22 having
a fuel mnjection system in accordance with the present
invention. |

As best illustrated 1 FIG. 1, the outboard motor 20 is
utilized to power a watercraft 24. The outboard motor 20 has
a powerhead area 26 comprised of a lower tray portion 28
and a main cowling portion 30. An air inlet or vent area 32
is provided in the main cowling portion 30 for providing air
to an engine 22 therein, and for exhausting heated air from
within the cowling 30, as described in more detail below.
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The motor 20 includes a lower unit 34 extending down-
wardly therefrom, with an apron 36 providing a transition
between the powerhead 26 and the lower unit 34. The lower
unit 34 comprises an upper or “drive shaft housing™ section
38 and a lower section 40.

A steering shaft, not shown, is affixed to the lower section
40 of the lower unit 34 by means of a bracket 42. The
steering shaft is supported for steering movement about a
vertically extending axis within a swivel bracket 44. The
swivel bracket 44 is connected by means of a pivot pin 46

to a clamping bracket 48 which i1s attached to a transom
portion of a hull 50 of the watercraft. The pivot pin 46

permits the outboard motor 20 to be trimmed and tilted up
about the horizontally disposed axis formed by the pivot pin

46.

As best illustrated in FIG. 2, the power head 26 of the
outboard motor 20 includes the engine 22 which is posi-
tioned within the cowling portion 30. The engine 22 is
preferably of the inline, four-cylinder, four-cycle vanety,
and thus includes a cylinder block 52 which has a cylinder
bank closed by a cylinder head assembly 54 in a manner
which will be described. As also illustrated in FIG. 2, the
engine 22 is preferably oriented within the cowling 30 such
that its cylinder head 54 is positioned on the block 52 on the
end opposite the watercraft’s transom. So oriented, the
engine 22 has a top, a bottom, a first end (where the cylinder
head 54 is positioned, facing away from the watercraft 24)
a second end (where the crankcase 57 is positioned, facing
the watercraft 24), and two opposing sides between the ends.

A crankshaft 56 is rotatably journalled in a crankcase
chamber 57 formed by the cylinder block 52 a crankcase
cover 53. As is typical with outboard motor practice, the
engine 22 is mounted in the power head 26 so that the
crankshaft 56 rotates about a vertically extending axis. This
facilitates coupling to a drive shaft (not shown) which
depends into the lower unit 34, wherein it drives a bevel gear
and a conventional forward-neutral-reverse transmission.
The transmission is not illustrated herein, because its con-
struction per se forms no part of the invention. Therefore,
any known type of transmission may be employed. A control
is preferably provided for allowing an operator to remotely
contro] the transmission from the watercraft 24.

The transmission drives a propeller shaft which is jour-
nalled within the lower section 40 of the lower unit 34 1n a
known manner. A hub 62 of a propeller 64 is coupled to the
propeller shaft for providing a propulsive force to the
watercraft 24 in a manner well known in this art.

The construction of the engine 22 and the fuel 1njection
arrangement of the present invention will now be described
in more detail. As illustrated in FIG. 3, the engine 22 has a
number of variable volume combustion chambers 59, pref-
erably totaling four in number, arranged in inline fashion. It
should he understood that there may be as few as one
combustion chamber, or more than four.

Each combustion chamber has a piston 66 mounted
therein for reciprocation, the piston connected to the crank-
shaft 56 via a connecting rod 68. The cylinder head 54 1s
preferably connected to the cylinder block 52 via a number
of bolts, as is known in the art.

Referring to in FIGS. 2 and 3, an intake system 70
provides air to each combustion chamber. Air is routed from
the vent portion 32 through a passage 72 to a surge tank 76
positioned at the second end of the engine 22. The passage
72 is preferably defined in part by a camshaft drive cover 73
which extends over the top end of the engine 22.

More particularly, air is routed from the passage 72
through an intake 75 of the surge tank 76. Air is then routed
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from the surge tank 76 through passages 77 formed 1n
runners 78 to passages extending through an intake manifold
74. Preferably, a gasket 79 is positioned between the con-
nected runners 78 and manifold 74. The runners 78 extend
from the second end of the engine along a side of the engine
22 to the manifold 74 which is positioned along the side of
the engine 22 via connection to the cylinder head 54.

The manifold 74 has a number of passages extending
therethrough equal to the number of runners 78. Each
passage through the manifold 74 leads to a corresponding
passage 80 positioned within the cylinder head 54 leading to
the combustion chamber §9. An inlet passage 80 is provided

‘corresponding to each combustion chamber §9. As

illustrated, the manifold 74 is arranged so that the passages
therein bend or curve towards the engine 22 from the
passage 77 in the runner. The total bend is approximately
90° in the embodiment illustrated, as the inlet passages 80
extend through the side of the cylinder head 54.

Means are provided for controlling the passage of air
through each inlet passage 80 to its respective combustion
chamber 59. Preferably, this means comprises an intake
valve 82. As illustrated, all of the intake valves 82 are
preferably actuated by an intake camshaft 84. The intake
camshaft 84 is mounted for rotation with respect to the head
84 and connected thereto with at least one bracket 86. The

camshaft 84 is positioned in a chamber 85 formed by a cover
88 which is connected to the head 54.

An exhaust system is provided for routing the products of
combustion within the combustion chambers 59 to a point
external to the engine 22. In particular, an exhaust passage
90 leads from each combustion chamber to a passage 92 in
an exhaust manifold portion 94 of the engine 22. The
passage 92 leads through an exhaust guide 93 to an exhaust

chamber and outlet in the lower unit 34, as is well known to
those skilled in the art.

Means are also provided for controlling the flow of
exhaust from each combustion chamber 59 to its respective
exhaust passage 92. Preferably, this means comprises an
exhaust valve 96. Like the intake valves 82, the exhaust
valves 96 are preferably all actuated by an exhaust camshaft
98. The exhaust camshaft 98 is journalled for rotation with
respect to the cylinder head 54 and connected thereto with
at least one bracket 100. The exhaust camshaft 98 is posi-
tioned within a chamber 102 formed by the cover 88.

Though not illustrated, means are provided for driving the
camshafts 84,98. A variety of drive arrangements may be
provided, as known to those skilled in the art. One such
arrangement is that which includes a timing belt pulley
mounted on a top end of the crankshaft $6 positioned outside
of the cylinder block 52, and just below a fiywheel (not
shown) also positioned on the crankshaft 56. An exhaust
camshaft pulley is mounted on an end of the exhaust
camshaft extending from the top end of the engine 22, and
an intake camshaft pulley is mounted on an end of the intake
camshaft 84 extending from the top end of the engine. A
drive belt extends around the timing belt pulley and the
exhaust and intake camshaft pulleys, whereby the camshaft
56 indirectly drives the camshafts. One or more tensioner
pulleys may be provided for maintaining the belt in a taunt
condition.

A throttle 116 is provided for controlling the flow of air
into each combustion chamber 59. Preferably, the throttle

116 comprises a moveable plate positioned within the intake

75. The throttle 116 is preferably controlled by a cable 117
which is connected to a throttle control 115 in the form of a
cable extending from a control area of the watercraft 24,
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whereby the operator of the watercraft may control the
throttle remotely therefrom.

A suitable 1gnition system is provided for igniting an air
and fuel (the fuel being provided with the fuel system
described in detail below) mixture within each combustion
chamber 39. Such systems are well known to those skilled
in the art, and as such forms no portion of the invention
herein, such is not described in detail here.

The engine 22 includes a lubricating system for providing
lubricant to the various portions of the engine. The lubri-
cating system is not described in detail here, and may be of
a variety of types found suitable to those skilled in the art.

The engine 22 also preferably includes a liquid cooling
system. As the cooling system does not comprise a portion
of the present invention, it is not described in detail herein.
As 1s known to those skilled in the art, however, the cooling
system generally includes a pump for drawing cooling water
from the body of water in which the motor 20 is operating,
and distributing it throughout coolant passages in the engine
22. In addition, the cooling system may include one or more
exhaust system cooling jackets for cooling the exhaust
system.

A fuel delivery system is provided for delivering fuel to
each combustion chamber 59 for combustion therein. The
fuel delivery system preferably includes a fuel tank (not
shown) which is normally positioned within the watercraft
24. Fuel 1s drawn from the fuel tank by a fuel pump 104
through a supply line 105. The supply line 105 extends to a
fuel filter 108 which is preferably mounted on a side of the
engine 22.

Fuel passing through the filter 108 passes through a fuel
line 106 to the pump 104. As illustrated in FIGS. 2 and 3, the
fuel pump 104 1s positioned on the cover 88 at the end of the
engine 22 opposite the watercraft 24.

Fuel is supplied by the pump 104 to a chamber of a vapor
separator 110 through a delivery line 109. Fuel is drawn
from the chamber of the separator by a high pressure pump
112. Fuel under high pressure is delivered by the pump 112
through a high pressure fuel line 114 to a fuel rail 116. As
lustrated and described in more detail below, the fuel rail
116 extends along a side of the engine 22. Fuel is delivered
by the rail 116 to a fuel injector 118 corresponding to each
combustion chamber §9. Any fuel which is supplied to the
rail 116 but which is not delivered by the injectors 118 is
routed through a return line 120 through a pressure regulator
122 back into the chamber of the vapor separator 110 for
pumping fuel from the tank and delivering it to each
combustion chamber §9;.

As illustrated in FIG. 4, each fuel injector 118 is posi-
tioned along the side of the engine. In the embodiment
illustrated in FIG. 3, each fuel injector 118 is mounted to the
intake manifold 74 by a boss member 124 extending there-
from. Most preferably, each injector 118 is oriented so that
it sprays fuel in a direction which is generally opposite the
direction of air flow of the air flowing through the passage

77 of the runner 78 at the intersection of the runner 78 and
manifold 74 at the point of fuel delivery.

This arrangement has the benefit that the fuel injectors
118 and fuel rail 116 are positioned along the side of the
engine 22 and do not contribute to an increase in engine
profile between the front and rear ends, as is the case when
the fuel rail 116 extends along the cover 88 at the end of the
engine. In addition, this orientation results in atomization of
the fuel and mixing of the fuel and air.

Of course, the injectors 118 could be similarly positioned
but mounted to the cylinder head 54 or cylinder block 52.
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FIGS. 5-8 illustrate an alternate embodiment fuel injec-
tion system in accordance with the present invention. In the
description and figures of this embodiment system, like
numerals have been used with like parts to those described
and illustrated above, except that an “a” designator has been
added thereto.

In this embodiment, the bosses 124a to which the fuel
injectors 118a are mounted extend from the exhaust mani-
fold 74a into the space between the runners 78a and the side
of the engine 224 along the cylinder block 824 thereof. Most
preferably, the injectors 118a are oriented to direct fuel into
a passage through the intake manifold 74a corresponding to
one of the combustion chambers 59a.

So mounted, the injectors 118a spray fuel into the pas-
sages 1n the manifold 74a generally perpendicular to the
passages and to air flowing therethrough. A deflector 1264 is
preferably centered within each passage through the mani-
fold 74a. As illustrated in FIG. 7, the deflector 1264 is
diamond-shaped (in cross-section), having a length (i.e.
parallel to the direction of air flow) which is greater than its
width, and being first narrow, then increasing in width, and
then decreasing in width, moving the along the length of the
deflector from one end to the other. This arrangement allows
the deflector 1264 to have an aerodynamic profile reducing
interference with the flow of air through the passage. At the
same time, the deflector 1264 has sufficient width to deflect
the majority of the fuel which is directed into the passage by
the fuel injector 118a.

As illustrated in FIG. 8, the deflector 126a preferably
extends from a top of the passage to the bottom of the
passage 1 a vertical direction. The defiector 126a is con-

nected to the manifold 74q.

The fuel supply system (ie. the pumps 104a, 1124,
pressure regulator 110a, etc.) is generally similar to that
described in the last embodiment with fuel line lengths and
positions changing to accommodate the new injector 1184
posttioning. This embodiment fuel injector arrangement also
has the advantage that the injectors 118¢ and fuel rail 1164
are positioned along the side of the engine 22 thereby not
contributing to an increase in the profile of the engine 22 at
its ends. Also, the injection 118a arrangement serves to
adequately mix the fuel and air.

Of course, the foregoing description is that of preferred
embodiments of the invention, and various changes and
modifications may be made without departing from the spirit
and scope of the invention, as defined by the appended
claims.

What is claimed is:

1. A fuel injection system for an internal combustion
engine of the type utilized to power an outboard motor of a
watercraft, the engine having a vertically extending
crankshaft, at least one combustion chamber, a first end and
a second end and a side therebetween, an intake passage
extending along said side of said engine to a delivery
passage through said engine to said combustion chamber,
said fuel injection system comprising a fuel injector posi-
tioned along said side of said engine and arranged to deliver
fuel to air flowing through said intake passage in a direction
opposite the flow of air through said passage at said point of
delivery.

2. The fuel injection system in accordance with claim 1,
wherein said intake passage is defined by a runner extending
from said first end of said engine towards said second end of
said engine to an intake manifold, and said injector is
mounted to said manifold.

3. The fuel injection system in accordance with claim 2,
wherein said injector is positioned between said runner and
said side of said engine.
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4. The fuel injection system in accordance with claim 2,
wherein said injector is oriented to deliver fuel in a direction
of said passage through said runner.

§. The fuel injection system in accordance with claim 1,
further including means for delivering fuel to said fuel
injector.

6. A fuel injection system for an internal combustion
engine of the type utilized to power an outboard motor of a
watercraft, the engine bhaving a vertically extending
crankshaft, at least one combustion chamber, a first end and
a second end and a side therebetween, an intake passage
extending along said side of said engine to a deliver passage
through said engine to said combustion chamber, said fuel
injection system comprising a fuel injector positioned along
said side of said engine and arranged to deliver fuel mn a
direction perpendicular to air flowing through said intake
passage, and wherein a diverter member is positioned in said
passage and said fuel injector is arranged to deliver said fuel
towards said diverter member.

7. The fuel injection system in accordance with claim 6,
wherein said diverter is centered 1n said passage.

8. The fuel injection system in accordance with claim 6,
wherein said diverter is diamond-shape in cross-sectional
profile.

9. The fuel injection system in accordance with claim 6,
wherein said diverter has a profile parallel to said direction
of said flow of air which is greater than a profile perpen-
dicular to said direction of said flow of air.

10. An internal combustion engine, said engine compris-
ing a cylinder block having a cylinder head connected
thereto and cooperating therewith to define at least one
combustion chamber therein, said engine having a top, a
bottom, a first end, a second end where said cylinder head 1s
located, and opposing first and second sides between said
ends, an air inlet positioned generally at said first end of said
engine, an air passage extending from said air inlet along
said first side of said engine to an intake passage extending
through a side of said cylinder head and therethrough to said
combustion chamber, a fuel injector mounted to said intake
manifold and positioned along said first side of said engine
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and arranged to deliver fuel in a direction opposite the flow
of said air passing through said air passage, and means for
delivering fuel to said fuel injector.

11. The engine in accordance with claim 10, wherein said
air passage comprises a first passage extending through a
runner and a second passage extending through an intake
manifold, the intake manifold connected to said cylinder
head and said runner extending between said air inlet and
said intake manifold, whereby air passes through said inlet
to said first passage, then said second passage, then through
said intake passage to said combustion chamber.

12. The engine in accordance with claim 10, wherein said
fuel injector is arranged to deliver said fuel in the direction
of said passage through said runner.

13. An internal combustion engine, said engine compris-
ing a cylinder block having a cylinder head connected
thereto and cooperating therewith to define at least one
combustion chamber therein, said engine having a top, a
bottom, a first end, a second end where said cylinder head is
located, and opposing first and second sides between said
ends, an air inlet positioned generally at said first end of said
engine, an air passage extending from said air inlet along
said first side of said engine to an intake passage extending
through a side of said cylinder head and therethrough to said
combustion chamber, a fuel injector positioned along said
first side of said engine and arranged to deliver fuel gener-
ally perpendicular to the flow of said air passing through said
air passage, means for delivering fuel to said fuel injector,
and wherein a diverter is positioned in said second passage
and said fuel injector is arranged to deliver said fuel towards
said diverter.

14. The engine in accordance with claim 13, wheremn said
diverter is centered in said passage.

15. The engine in accordance with claim 13, wherein said
diverter is diamond-shaped in cross-sectional profile.

16. The engine in accordance with claim 1), wherein said
fuel injector is positioned between said air delivery passage
and said side of said engine.
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